Verbal description, recall, and recognition of complex meaningful pictures by children were studied, varying amount of stimuli and similarity of distractors. Across subjects (sex, ethnic group, and grade level) verbal measures were poor predictors of recognition accuracy. Across stimuli, amount recalled and recognition accuracy were both related to amount of organization. Recognition was also a function of the type of transformations 'on the target that were used as distractors. For all transformations there was a close match between ability to recognize a transformation and judgment of dissimilarity of. the transformation to the target. The TORSCA multidimensional scaling technique was applied to the similarity judgments to obtain a representation of a memory space for the targets and their transformations. The structure of this space was highly consistent across subjects and indicated that transformations or meaningful pictures can be related to each other in stable ways. The TORSCA multidimensional scaling technique was applied to the similarity judgments to obtain a representation of a memory space for the targets and their transformations. The structure of this space was highly consistent across subjects and indicated that transformations on meaningful pictures can be related to each other ir., stable ways. Location of transformations within the space was related to type of picture and amount of organization in the picture.
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Investigators exploring the visual memory systems children (Shepard, 1967; Standing, Conezio, and Haber, Scott, 1971) have shown that once subjects are exposed their ability to recognize previously seen pictures is Standing et al (1970) presented 2560 pictures and found pictures of. .95 or better. Haber (1970) has suggested nition may be essentially unlimited, and has contrasted for verbal materials. "Unlimited" is perhaps too stron since several variables are known to affect accuracy of 1) Similarity of distractors to target. Recogni single objects is directly related to similarity of the the latter are scaled along a single "similarity" dimen and Bahrick, 1967) . When more complex pictures have be few experiments have systematically manipulated this va have used a random selection of distractors, chosen fro as the target items (e.g., photographs) but with conten study which used similar distractors (Dallett, Wilcox, found somewhat lower recognition rates, ranging from .6
attempt was made to define or scale degree of similarit Campione (1972) , working with children, studied a singl Organization of the stimlus materials. Organization of a picture is defined here by the relations among its various parts and is equated with the concept of meaning (see Garner, 1962) . Adults recognize pictures of faces better than Ank blots (Goldstein and Chance, 1971) , and children recognize meaningful pictures better than abstract or nonsense pictures (Nelson, 1971) . However, little is known about the effects of higher levels of organization on recognition, namely, the relationships within q picture among parts which are themselves meaningful, such as are usually found in complex pictures.
It seems likely that judgments of similarity will vary with the amount of organization in a picture. There is little information on this problem, yet it seems reasonable to assume that the more information which is organized into a single chunk (or picture) the less likely it is to be confused with another chunk containing an equal amount of different information. Thus, if complex pictures do contain a very large amount of both visual and semantic information, it is probably the case that the pictorial distractors used in experiments such as that of Standing et al (1970) were grossly dissimilar from the target items. This brings us to the third variable known to affect accuracy of picture recognition.
3)
Verbal or semantic information. Several studies have assumed that using pictorial distractors which have the same verbal label as the target 3 pictures will increase distractor similarity and therefore decrease recognition.
In two studies with children this was not the case; accuracy increased under this condition (Rozinski, 1970; Brooks, 1972) . A decrease in recognition accuracy has been reported with adults, however (Bahrick and Boucher, 1968) . Further, verbal labels attached to a geometric form have been shown to produce systematic changes in recognition accuracy along a continuum of physical similarity (Daniel, 1972 In addition, verbal, description and verbal recall of the pictures were studied. Children tend to be poorer on, verbal recall than adults, yet to the extent that it has been studied, show equally good recognition of pictures.
In addition, children of different ages and ethnic groups vary in amount of 4 verbal description of pictures (Heider, 1971) Chronological age in the first grade ranged from 6.2 to 7.1 years, mean = 6.75, and in the second grade from 7.2 to 8.3 years, mean = 7.8). Most of the children were taken from one. school, located in a borderline lower to middle SES area, which was composed of a fairly even mix of the three ethnic groups.
There were not enough Black children to complete the sample, and slightly less than half of the second grade Black sample was drawn from another school from a lower middle SES area. Children with any known neurological or psychological disorders were excluded from the sample.
Stimuli
Two sets of 8 1/2 x 11 inch black and white line drawings were used; each set contained one "organized" and one "unorganized" picture. Within a set the organized and unorganized pictures contained the same objects.
In the organized version a naturalistic scene was created, using familiar relationships among objects. In the unorganized version the same objects were placed in an unrelated array. The four pictures are shown in Figure 1 .
The pictures were constructed during pilot testing.
Easily recognizable objects with a considerable amount of detail were drawn by two amateur artists.
Final selection was made on the basis that the various objects could fit into a "realistic" scene and that in the pilot group children from the same ages and ethnic groups used in the study could appropriately label all objects and details. A rough attempt was made to equate number of objects in the two sets of pictures. However, it is recognized that the pictures vary in a number of ways, such as saliency and location of items, likely focus of attention, etc.
Since one of the aims of the study was to explore general factors in pictorial memory, it was decided not to attempt to equate the pictures in any more precise way.
Five transformations were used for each of the pictures:
Reversal:
A left-right mirror image of the Original.
2)
Deletion: Three items were deleted from the Original, ranging in size from a small detail to a small object.
In the Bus pictures (see Figure 1 ) the girl's purse, the chimney on one house, and one of the books was deleted. In the Lady pictures, the pendulum of the clock, one of the flowers on the A two alternative forced choice procedure in which each transformation and the Original were paired with all other transformations to make fifteen pairs of pictures. S was asked to pick one picture from each pair which looked most like the original picture he had seen and described.
Procedure
The Raven's Colored Progressive Matrices test was administered individually before the experimental procedures began. Then each S was tested individually in two experimental sessions one week apart.
In each session one target picture was used. At the beginning of the first testing session S was told that his voice would be recorded and that he would be allowed to listen to his voice_ Then he was told he. was going to see some pictures and that E wanted to see how children looked at pictures and remembered them.
Ss were assured that the testing procedure had nothing to do with grades or school work.
When E felt that some rapport had been gained and S was reasonably relaxed, the experimental procedure began.
1.
Description. S was given a practice picture which was rich in detail and similar to the experimental pictures. S was asked to tell everything he saw in the picture, no matter how small the detail, and to leave nothing out. He was asked to point to each object or detail as he mentioned it.
If S had any difficulty with the describing and pointing prok.:edure, E demonstrated what was required. The practice picture was kept in front of S until he described most of the details in the picture.
After this preexperimental procedure, S was given the first experimental picture and the description and pointing instructions were repeated.
Presentation time was three minutes. If S responded incompletely or stopped too soon, E prompted him by aski.ag if he saw anything else. At the end of three minutes, E flipped the picture over and talked to S for 20 sec.
2.
Recall.
S was next asked to recall as many objects and details from the picture.as he could remember. When he stopped the first time, E prompted him once. If he could not respond the recall task was ended; otherwise it continued until he stopped the second time.
3.
Same-Different task. Approximately 30 sec after the recall task, S was presented with six pictures in sequence, five of which were transformations of the original picture, and one of which was a copy of the original.
S was told that he would see six pictures, some of which were exactly the same as the picture :le had just described and recalled, and some of which were different. If a picture was exactly the same, S was to say "Same." If different, S was to say "different" and tell exactly how it was different.
A different sequential order of pictures was used for each child in a Latin
Square design. The second.session was identical to the first, except that the practice picture was not presented.
Results

Verbal Description and Recall
Verbal description and recall measures are summarized in Table 1 . The first column shows the main description score, consisting of the total number Grade.
There were no main effects on any verbal measure due to grade level. 2) Sex.
Males had higher description and recall scores than females.
InteractiOns with grade level .on number of items in description (p < .05) and in recall (p < .01) showed that this effect was due primarily to the second grade boys, who described and recalled significantly more than the other groups.
Ethnic Group. Anglos both described and recalled more than Blacks, who in turn described and recalled more than
Chicanos.
Stimulus variables. 1) Organization. Degree of organization of the pictures did not affect amount of description but did affect amount of recall.
Organized pictures produced a greater number of items recalled than Unorganized pictures.
2)
Picture Set. The Bus pictures produced more items in description than the Lady pictures, but there was no 7,ignificant difference in amount of recall of the two kinds of picture. Repetition of items occurred fairly frequently in both description and recall. There were no instructions that the Ss should not repeat themselves, but these data may be contrasted with the lack of repetitions, also without instructions, found in adult recall of verbal material (Borges, 1972) . There were no significant differences in amount of repetition in description and recall as a function of stimulus variable, and the only subject variable affecting repetition was Ethnic Group. Blacks repeated items more than Anglos, and Chicanos had very low scores on this measure.
There are several ways in wIlich recall might be expressed in relation to description.
Column 7 of Table 1 shows the percent of items described that were also recalled. The mean for the total sample on this measure was 11 54%, a score high in comparison with immediate recall of well organized lists of words (handler, Pearlstone, and Koopmans, 1969) . However, recall can also be represented as a percentage of total number of items described by the subject pool. It can be argued that the total number of items in a picture is better represented by the "total possible" set of items, rather than the subset actually mentioned by the S. Such an assumption is bolstered by the finding that an average of 13% of an S's recall score consisted of items not Finally, it should be noted that there was a high subject correlation between number of items mentioned in description and in recall, r = .73, p < .01.
Both verbal measures had a low correlation with the Ravens test, r = .10, n.s., and .16, p < .05 respectively.
Same-Different Recognition Test Table 2 shows the proportion of correct recognition of the Original picture, each of the transformations, and the total proportion correct.. A Analyses of wriance (3 subject variables x 2 stimulus variables) were carried out on a total recognition score, consisting of the total number of correct recognitions, and separately on the number correct on each transformation.
Significance levels for differences among the various groups are also shown in Table 2 .
Subject variables.
1)
Grade.
Grade two had a significantly higher total recognition score than grade one. This difference was primarily due to grade two's higher scores on the reversal and deletion transformations.
Thus, grade two showed superior recognition even though there were no differences between the grades on verbal description or recall.
Sex.
There were no significant differences between total correct or on any transformation between males and females. Again, this result may be contrasted with the results on the verbal measures, in which males showed higher description. and recall scores.
Ethnic Group. There were no significant differences in total number correct. The only significant difference occurred on the reversal transformation, on which Blacks showed poorer There were significant interactions between the Set and Organization variables on the substitution, rearrangement and size transformations. Substitution of the clock was recognized more often than substitution of the fruitbowl, and this difference was most pronounced in the organized version.
Rearrangement of the shoes was noticed more often than rearrangement of the jacket, especially in the organized scenes. These differences appear to reflect uncontrolled differences in saliency of various objects in the different pictures, perhaps in part as a function of their location in the picture as well as degree of organization in the picture as a whole. In addition, the size transformation was noticed oftener in the organized Bus picture than in any other. This was the only size change that also'changed perspective, since the smaller bus looked farther away in the organized version.
This finding suggests that size change is more salient if it, involves an apparent third dimensional change in relation to other objects in the picture.
Concerning the relationship between verbal recall and recognition as a function of stimulus variables, only degree of organization affected both Is measures. More was recalled about the organized pictures and they were better recognized.
These differences in memory were not, however, related to number of words used to describe these types of picture,
Paired-Comparison Test
The Same-Different test showed which transformations were most difficult to recognize, i.e., which were more similar to or confusable with the original picture. The question then becomes whether it is possible to scale distances along a dissimilarity dimension (or dimensions) to aid our understanding of (Young and Torgerson, 1967) .
The Kruskal stress index for each analysis (giving an estimate of goodness of fit of the various points in a given number of dimensions) for one and two dimensional solutions, as well as percent of variance accounted for by the dimensions are shown in Table 3 . In all cases except, the Chicano Table 3 about here group, the two dimensional solution gave close to perfect fit (stress varying from 0.01% to 0.6%), and even in the Chicano group the fit was excellent (1.6%).
For the one dimensional solutions, stress varied from .01% to 10.4%.
Since only six items were being compared, the excellent fit in two dimensions might have occurred by chance, although the high degree of similarity among solutions obtained from independent groups of subjects and between different pictures makes;, such a possibility unlikely. Based on Klahr's (1969) analyses, the probability of obtaining by chance stress indices as low as those in the one dimensional solutions is less than .05 in each case.
The one dimensional solutions were highly similar to the first dimension of the two dimensional solutions, presumably because in both cases one 17 dimension accounted for most of the variance. Although the one dimensional solutions were adequate descriptions of the data, the two dimensional solutions are presented here, because they give a clearer picture of the data and because work in progress with adults suggests that two dimensional solutions will be necessary. Figure 2 shows the so,7itions obtained from the 6roups.
For each breakthawn the groups being compared are shown in the same space, although they were derived independently. Inspection, of Figure 2 shows that in all cases Original is located at one end of the main dimension, and that Reversal is located at the greatest distance from tL:-. There should be a close correspondence between these two TORSCA analyses if we wish to conclude that the pictorial memory space thus constructed is general and not idiosyncratic to a particular picture. Looking at Panel 1 we can see that Original, Reversal, and Deletion occupy roughly the same spaces. The greatest change from one picture to the other occurs on Size and Rearrangement, followed by Substitution.
Comparing the movement of these three transformations (toward or away from the Original as a different picture is used) with the proportion of correct recognition for these transformations in the Same-Different test, shown in Table 2 , we can see that in each case in which a transformation was recognized less well it is closer The multidimensional scaling method used in this experiment appears to be a useful technique for scaling the similarity of distractors to the picture stored in memory, and in addition to discover which aspects of pictures are most likely to be retained. Not only were transformations on the target pictures stably located in a memory space, but changes within that space were related to type of picture and the degree of organization within pictures.
For example, the judged similarity of a given distractor differed as a function of amount of organization in the stimulus materials.
There was a very close correspondence between the two types of recognition tests, even though they asked for different judgments.
In the SameDifferent test, the subject was asked whether he had seen a picture before, and in the Paired-Comparison test he was required to make a similarity judgment.
Although it has been assumed here that similarity of distractor to target is a major factor in recognition accuracy, it should be pointed out that this assumption needs further testing. In the first place, similarity judgments may differ when they are made in the presence of the target items than when they are made about remembered targets. Second, it could be the case that reversal of a picture, for example, is easy to recognize as different yet be judged most similar to the original on the grounds that all the relationships among the objects are the same. The fact that recog-.
nition and similarity judgments were highly correlated for children does not necessarily mean that the same relationships will hold for adults. This problem is currently being investigated.
Two of the transformations were consistently recognized across pictures and also judged as most dissimilar, namely, Reversal and Deletion of detail.
Although experiments with adult subjects have typically found only slight 21 loss ii recognition accuracy when reversals were used (Dallett et al, 1968; Stanb,Aq e?.. al, 1970) , the .91 rate of recognition of reversals in this experiment seems'surprising in light of a number of studies showing that children have difficulty in discriminating among reversals of pictorial geometric forms (e.g., Rudel and Teuber, 1963) . Ease in recognizing reversals in more complex pictures may be a function of the total number of items whose location is changed. In the present experiment, reversal involved a greater number of locational changes than any other transformation.
On the other hand, recognition of reversals may be a function of the meaningfulness of the material used. Current work is being done to evaluate these possibilities.
The other transformation most consistently recognized as different was deletion of detail. This result is consistent with experiments reported by Vurpillot (1972) , showing that children of age seven are better at detecting differences in detail in meaningful pictures than size changes or rearrangement.
On the other hand, her experiments indicated that children of this age are also good at detecting small substitutions, a result at variance with the present data. It should be pointed out, however, that Vurpillot's work like that of Gibson, Gibson, Pick and Osser (1962) , involved detection of differences in a matching-to-sample task. Little is known about attentional or search -patterns in detection vs. memory tasks, nor whether the differences easiest to detect are those which are most often retained in memory.
Concerning the relationship between verbal measures and recognition in the present experiment, for the subject variables verbal measures were poor predictors of accuracy of recognition. The stimulus variables, however, showed two types of relationship between verbal and visual measures. The pictures which contained. more information (had a higher inventory of items) called forth more words in description and were also more difficult to recognize. Thus there was a negative relationship between amount contained in a picture and amount remembered.
On the other hand, the organized and unorganized versions of the pictures, which contained equal numbers of items and called forth the same number of words in description, nevertheless showed differences in both recall and recognition as a function of degree of organization. Thus, amount of organizational or structural information showed a positive relationship with amount remembered. Finally, it should be noted that an hypothesis that equates amount of organization with number of words used in description, such as the verbalLjoop hypothesis (Glanzer and Clark, 1964) , is not a useful equation
in the type of pictorial recognition studied in this experiment.
-) 3 The following abbreviations are used in Table 2 and in Figure 2: original--ORIG, substitution--SUB, size change--SIZ, rearrangement--REA, deletion--DEL, reversal--REV. 
